ABSTRACT The resting behavior of Aedes aegypti (L.) adults was investigated in 14 districts of Panama City, Panama, in relation to ground ultra-low volume (ULV) applications of malathion. Adults primarily rested inside the premises (75.1%) at a distance Ͼ6 m from the street (86.4%). Both sexes rested mainly in bedrooms, living rooms, and bathrooms. The small ULV aerosol droplets (2Ð 4 m) penetrated all indoor resting sites of Ae. aegypti, but in low amounts. Because of the low amount of insecticide reaching the primary resting sites within the premises, limited control of the Ae. aegypti was obtained. This limited the potential effectiveness of ground vehicle ULV applied insecticide as a dengue epidemic control method.
DURING THE 1950S and 1960s, Ͼ20 countries in the Americas were able to eradicate Aedes aegypti (L.), but in the last 20 yr, almost every one of these countries including Panama has become reinfested and has had sizable epidemics of dengue fever (Gubler and Kuno 1997) . Although future outbreaks of dengue fever may be avoided by eliminating larval habitats through community participation, there are still areas with Ae. aegypti infestation that may allow outbreaks of the disease. For this reason, emergency measures must be available for use in future dengue outbreaks.
The intervention used during epidemics is the ground application of small quantities of aerosol insecticide (ultra-low volume or ULV). Elsewhere, ULV applications have been shown repeatedly to give Ͻ100% control of adult Ae. aegypti populations (Hudson 1986 , Focks et al. 1987 , Perich et al. 1990 . One reason for this reduced effectiveness is Ae. aegypti resting behavior. A portion of the population is found in wardrobes, under beds, behind furniture and in closed rooms where it is difÞcult for aerosol droplets to reach. Focks et al. (1987) hypothesized that gravid females remain sequestered during treatment periods in places that are well-protected from aerosols. Schoof (1967) indicated that the resting habits of this mosquito are relatively unknown, but suggested that adults gather at breeding places, resting there and on adjoining surfaces. In Thailand, Pant and Yasuno (1970) demonstrated that 95% of the mosquitoes rest indoors, and of these, Ͼ90% did so on surfaces that could not be sprayed with residual compounds, such as clothing, pictures, decorative objects, coverlets, and mosquito nets. This Þnding indicated that it was of little value to use residual insecticides on indoor walls. Nelson (1986) reported that mosquitoes rested indoors most frequently in bedrooms, bathrooms, and kitchens where they preferred vertical surfaces such as walls, furniture, and hanging articles such as clothing, towels, curtains, and mosquito nets, although they also were found on the ceiling and under furniture such as beds.
Detailed investigation of the resting behavior of Ae. aegypti is needed if chemical control is to be adopted for the control of adult mosquitoes. In the current study we describe the resting behavior of adult Ae. aegypti in the suburban areas of Panama City, Panama and quantitatively describe ULV insecticide droplet deposition in relation to these resting sites.
Materials and Method
Study Area. This study was done in the suburban areas of 14 of 23 districts of Panama City, Republic of Panama. Houses were selected based on the occurrence of larval/pupal Ae. aegypti found by inspectors of the National Malaria Eradication Service (SNEM) during routine surveys. Because of elimination of larval sites by inspectors at each positive site, resting collections were initiated 3 wk after inspection to allow for reinfestation of the premises.
Collections. Collections were made by four workers using small aerial insect nets and mouth aspirators inspecting an average of eight premises from 0800 to 1400 hours each day from 22 October to 30 November 1990, for a total of 30 working days and a total of 720 working hours. Each premise was sampled once a week for 4 wk.
The sampling unit was the "premise," and consisted of any dwelling or workshop including the surrounding garden, or any vacant lot. Each premise was inspected thoroughly indoors and outdoors. Any area covered by a roof was considered to be "indoors" regardless of presence or absence of walls. Every room and article were inspected and any resting mosquitoes were captured, inserted into labeled vials containing cotton moistened with a sugar solution, and returned to the SNEM laboratory, where species and sex were conÞrmed and each female Ae. aegypti was age graded. For each mosquito collected the following information was recorded: (1) collection number; (2) sex; (3) date; (4) time of collection; (5) city district; (6) premise type (e.g., house, vacant lot); (7) room type (e.g., bedroom, bathroom); (8) distance of collection from the street; (9) indoors or outdoors; (10) resting surface (e.g., wood, concrete) (11) article type mosquito was on (e.g., furniture, hanging item); (12) article mosquito was on (e.g., bed, chair); (13) height above the ßoor or ground; (14) exposed or sequestered location of mosquito in relation to potential insecticide spray exposure.
Age Grading. ChristopherÕs stage of gonotrophic development (Christophers 1960) was noted for mosquitoes, and one ovary was placed on a microscope slide in a drop of tap water and allowed to dry for determination of parous/nulliparous status by observation of the tracheolar skeins. All mosquitoes collected, both unfed and blood fed, were age graded.
Spray Applications. The district of Juan Diaz was selected because of the high number of Ae. aegypti adults collected there by resting collections (Table 1) . This district contained one-and two-story houses of stucco or cement block, Ϸ450 m 2 , with two or three bedrooms, a front living room, and a backroom kitchen. A center block was chosen from the district with Þve houses selected as representative of the block and house types. Each side of the block had at minimum one sample house.
Ultra-low volume cold aerosols of technical grade malathion (91% [AI]) were applied around the entire block at a rate of 438.8 ml/ha (6 ß oz/acre), using a truck-mounted LECO model HD (Lowndes Engineering, Valdosta, GA) ULV aerosol generator, traveling at 8 km/h, with the aerosol directed perpendicular to and 30 m from the houses. Four spray applications were made, two between 0800 and 0830 hours on 4 and 11 December, and two in early evening between 1730 and 1800 hours on 6 and 13 December 1990. Applications corresponded approximately to the routine time for SNEM spray operations in Panama City. Droplet size as volume median diameter (VmD) was sampled immediately before applications using the slide wave technique described by Beidler (1975) and averaged 19.7, 17.5, 14.1, and 16.8 m for 4, 6, 11, and 13 December, respectively. Wind speed, wind direction, and ambient air temperature were recorded at the start of each application.
Aerosol Sampling. Battery-powered spinning droplet collectors with two Teßon control slides per spinner were used to monitor malathion droplet sizes and distribution. At the Þve selected houses, a spinner was located at the outside front, at the outside back, under the bed in the bedroom, and on the ground in a sequestered location in the living room. In addition, each home had ten, 18.5-cm-diameter Þlter papers placed in locations and oriented (vertical or horizontal) to sites determined to be positive Ae. aegypti resting sites from prior collections. These sites included: (1) (8) an open area 1Ð2 m high in the second bedroom; (9) outside front; and (10) outside back. Slides and Þlter papers were retrieved within 30 min after the completion of insecticide applications. Slides were placed into plastic slide boxes (15 by 23 mm), returned to the laboratory, and VmDs were calculated by a computer program described by Boobar et al. (1986) . Each Þlter paper was placed in a plastic bag, returned to the laboratory and the insecticide extracted and quantiÞed using the following gas chromatographic methods.
Gas Chromatography. A Hewlett-Packard gas chromatograph model 5890 and model 7673 auto sampler (Hewlett-Packard, Avondale, PA) using a crosslinked methyl silicone fused silica capillary column 25 by 0.20 mm by 0.17-m Þlm thickness were used. Strips 1 by 12 cm were cut from each sample Þlter paper and placed into 1 dram glass vials with Teßon lined screw caps. Into each vial was placed 3 ml of capillary grade hexane (Baxtor Healthcare, Muskagon, MI) with reagent grade dibrombenzene (Aldrich, Milwaukee, WI) included as internal standard at a concentration of 0.26 ppm. The samples were shaken, sonicated for 10 min, and allowed to stand for 30 min before being transferred to autosampler vials for analysis. Three strips were taken from each sample, and their concentrations averaged to obtain a representative sample. The gas chromatographic oven was held at 50ЊC/ min to 250ЊC for 1 min, then the temperature programmed at 30ЊC/min to 250ЊC with a 1-min hold. The splitless capillary injection port temperature was held at 275ЊC and detector temperature at 325ЊC. The carrier gas was helium and make-up gas for the detector was argon/ethane (P-5) maintained at 20-ml/min total ßow through the detector with a column head pressure of 15 psi.
All malathion working calibration standards were made in the same hexane solution used to extract the Þlter paper samples. A calibration curve was constructed by calculating the ratio of the peak area of malathion to that of the internal standard dibromobenzene and plotted versus concentration using a linear regression program.
Sentinel Mosquitoes. Ten nonblood fed Ae. aegypti females (2Ð 6 d old), reared from eggs collected in Panama City, were placed into sentinel cages similar to those used by Rathburn et al. (1969) . Mosquitoes were determined to be completely susceptible at that time to malathion. Malathion had been used as the primary adulticide for dengue vector control in Panama for 30 yr. Sentinels in their cages were transported in insulated chests with damp paper toweling to maintain humidity.
Thirty minutes before the spray applications on 4 and 13 December, sentinel cages were placed in a sequestered location in the living room, beneath the bed in the front bedroom, and among the clothes in the bedroom, in each of the Þve homes in which spinners and Þlter papers had been placed. In addition, three cages were placed in the same locations inside each of two homes located in an unsprayed area of the district several blocks upwind from the sprayed area. All cages were collected Ϸ30 min after spraying and returned to the laboratory. Mosquitoes were transferred to clean cages approximately 1 h after application, and mortality was recorded at 24 h.
Statistical Analysis. Data from each resting mosquito was entered on a LOTUS-123 spreadsheet and then imported to EPI-INFO 5.01a for tabulation and statistical analysis using chi-square tests. Percent mortality data were corrected with AbbottÕs (1925) formula, transformed (arcsine) and subjected to analysis of variance (ANOVA [SAS/STAT 1985]) for testing the hypotheses that mortality among treatment versus nontreatment and cage locations were equal. Means calculated for treatment regime, sentinel cage locations and date were separated by use of the Tukey W procedure (SAS/STAT 1985) (P Ͻ 0.05).
Results

Resting Site Collections.
Of the 801 inspected premises, 22.5% were positive for resting adult Ae. aegypti. A total of 923 resting Ae. aegypti adults was collected from the 14 districts of Panama City, of which 85.2% were females (Table 1) . Thirty of the total mosquitoes were captured while ßying and were not included in the data concerning resting surfaces. Routine inspections from SNEM found only 2.9% of the premises to be infested with Ae. aegypti immatures during the time of this study.
Females were found in 21.2% of the premises and males in only 6.5%. There was a positive association between premises with females and premises with males ( 2 ϭ 114, P Ͻ 0.01). Mosquitoes were found resting in 180 premises, consisting of 159 houses, 15 workshops, four drains, one vacant lot and one boat. The mean number of mosquitoes per positive premise was 5.1. The maximum total number collected at a premise was 56. The maximum number of females was 41 and maximum for males was 23, but the majority of the positive premises (52.8%) had only 1Ð2 mosquitoes. These results are similar to the results reported for Ae. aegypti collected in Santo Domingo, Dominican Republic ).
The preponderance of mosquitoes (86.4%) were collected at distances Ͼ6 m from the street, with distances of females and males captured being similar ( Table 2 ). The majority of the Ae. aegypti was collected indoors (75.1%). Both females and males showed a similar preference for indoor resting, 75.6 and 72.3%, respectively (Table 2) .
Bedrooms were by far the areas most frequented by resting mosquitoes, followed by living rooms, and bathrooms (Table 3) . More females than males rested in bedrooms, whereas as a smaller percentage of females than males rested in bathrooms (Table 3) .
"Fixed" objects (especially walls) were the areas where most mosquitoes were found (Table 4) . A larger proportion of males than females were found on Þxed objects; whereas, females were found more frequently than males on furniture and hanging objects, which tended to be less exposed ( 2 ϭ 23.9, P Ͻ Percentage based on a collection of 786 females and 137 males.
July 2000 PERICH ET AL.: Ae. aegypti, RESTING BEHAVIOR0.0001) ( Table 4 ). The four surface types found most frequently with both females and males were cement, wood, cloth, and metal (Table 4) . There was a larger proportion of females than males on cloth and wood surfaces and a larger proportion of males on metal and cardboard surfaces (Table 4) . A total of 357 female Ae. aegypti was dissected, of which 48.5% were parous. Parous rates were slightly higher in females collected in bedrooms (54.2%), living rooms (52.4%), and bathrooms (65.6%) than other portions of the house.
Spray Applications. All windows and doors were open at the time of spraying with the main hallway directly in line with the spray. The temperature during spraying was 27Ð31ЊC on 4 and 11 December and 26 Ð30ЊC on 6 and 13 December. Malathion was deposited on the Þlter papers in various amounts at all sample sites (Table 5 ), but was a fraction of the amount (5 g [AI]/cm 2 ) actually applied. Deposition of insecticide was always greater for the outside locations in front of houses compared with the outside of the back of houses, indicating a reduction in the amount of insecticide deposited with distance. In addition, greater malathion deposition was found in open locations within the house compared with the sequestered locations (Table 5) . Pesticide deposition for interior locations was the lowest after spray applications on 13 December (Table 5) , possibly because there was no wind on that spray date compared with 6 Ð11 km/h wind on the other spray date.
The VmDs calculated from droplets collected on spinner slides, located in all outside locations on each spray date, except for back locations on 13 December (Table 6) , were within the reported effective droplet size range of 5Ð15 m (Haile et al. 1982) . None of the VmDs calculated from droplets collected on inside spinner slides were in the effective droplet size range.
Sentinel mosquito mortality was not signiÞcantly different among the three sequestered locations or between the two spray dates (Table 7 ) (P Ͼ 0.05; Tukey W procedure [SAS Institute 1985] ). Mortality percentages for all locations as Ͻ25%. 
Discussion
The low number of premises positive for immature Ae. aegypti (2.9%), and the possible immigration of females with a greater ßight range (Tripis and Hausermann 1986 ) and longevity than males (Christophers 1960) , or males being more elusive, may have accounted for the capture of nearly six times as many females as males during resting collections.
Most of the Ae. aegypti rested indoors and at a distance Ͼ6 m from the street. This potentially decreased the efÞcacy of spray against Ae. aegypti because fewer insecticide aerosol droplets reached these areas. This was one reason given for the low control of Ae. aegypti in Trinidad (Chadee 1985) , Suriname (Hudson 1986) , and Dominican Republic (Perich et al. 1990 ). Samutrapongse and Pant (1973) reported effective long-term control of Ae. aegypti in Thailand using malathion applied with back pack sprayers, but spray applications were made close to houses allowing the insecticide aerosol to penetrate the houses.
The amount of malathion reaching the sequestered areas in the bedroom, living room, and bathroom was less than that found outside the front of houses and was a fraction of what was applied. These results indicated that only sublethal amounts of insecticides may have reached the targeted resting sites of Ae. aegypti in Panama City when ground ULV spray applications were made. In addition, these same resting sites contained a greater percentage of parous females, indicating that the older, potentially infectious females were in locations not receiving lethal amounts of insecticide. Small aerosol droplets in the 2-to 4-m range penetrated the preferred Ae. aegypti resting sites, similar to that determined in other aerosol spray studies (Perich et al. 1992) . These small droplets have the greatest efÞciency for impinging on the body of mosquitoes (Lofgren et al. 1973) . Based on the premise that the amount of insecticide required to kill a mosquito is the same regardless of particle size (LaMer et al. 1947) , smaller droplets which penetrate hidden locations offer the greatest probability of killing resting mosquitoes.
Our study again demonstrated the lack of efÞcacy of ground applied ULV malathion against Ae. aegypti in urban environments. This can be explained by the lack of sufÞcient insecticide reaching the primary indoor resting sites of Ae. aegypti. Further research on techniques improving the aerosol penetration of buildings and the impact of increased small droplet insecticide spray application in reducing adult Ae. aegypti populations is necessary for developing effective epidemic dengue control methods. Based on one spinner per location at Þve homes; two slides per spinner; n ϭ 10 Application rate of 500 g (Al)/ha malathion; percent mortality based on (number dead in treatment Ϫ number dead in control)/ number dead in treatment ϫ 100.
